Introduction
============

Some of the more notable sex differences among humans in body configuration are found in the abdominal and gluteofemoral regions. The sexually dimorphic distribution of body fat and pelvic skeletal features are influenced by sex hormones, which explains why the differences in body configuration do not appear until puberty (Singh, [@B41]). Estrogen inhibits fat deposits in the abdominal region and stimulates deposits in the gluteofemoral region of the body. Conversely, testosterone stimulates deposits in the abdominal region and inhibits fat deposits in the gluteofemoral region.

Men tend to have high shoulder-to-hip ratios; i.e., broad shoulders and narrow hips that create a wedge shaped torso (e.g., Hughes et al., [@B27]). Women in contrast, often have low waist-to-hip ratios (WHR's); i.e., narrow waists and broad hips that approximate an hour-glass configuration (Singh, [@B41]). Until recently, the adaptive significance of a low WHR had been viewed in light of its relationship to health and fertility, and linked to perceptions of attractiveness in women (Van Noord-Zaadstra et al., [@B47]; Zaadstra et al., [@B52]; Wass et al., [@B49]; Moran et al., [@B33]; Westman and Marlowe, [@B50]; Furnham et al., [@B17]; Swami et al., [@B43]; Dixson et al., [@B13]; Lassek and Gaulin, [@B31]; Platek and Singh, [@B37]). Recent evidence shows that low WHR may offer cognitive advantages as well. Gluteofemoral fat in close proximity to the hips is high in long chain polyunsaturated fatty acids (LCPUFAs), including docosahexaenoic acid (DHA; Pittet et al., [@B36]; Phinney et al., [@B35]). These chains make up a substantial portion of all cell membranes, and comprise structural components of the brain and retina. They are especially important during fetal development, because the fetus cannot synthesize LCPUFAs and the only source of these nutrients is from maternal supplies (Van Houwelingen et al., [@B46]). When the dietary intake of essential fatty acids is inadequate, sources stored in adipose tissue is used as an additional supply (Hornstra et al., [@B26]). Because of the relationship between gluteofemoral fat and LCPUFAs, women with lower WHR's (narrow waists and more accentuated hips) would be expected to have larger stores of these essential fatty acid chains.

Lassek and Gaulin ([@B32]) showed that WHR was inversely related to measures of performance on general cognitive tests in women and their offspring. WHR accounted for 7% of the variance in the mother's scores and 2.7% of the variance in their offspring's scores. In cases of teenage pregnancies, the mother's brain is still developing and as a result, developing offspring compete with their mother for brain building resources. They also demonstrated that greater gluteofemoral fat stores can act as a protective buffer. The offspring of teen mothers with lower WHR's were protected against the cognitive deficits that are often associated with teen pregnancy and childbirth (Lassek and Gaulin, [@B32]). The cognitive advantages of low WHR are further evidenced by studies which show that higher WHR's in both males and females are associated with poor outcomes on cognitive tests (Jagust et al., [@B28]; Waldstein and Katzel, [@B48]) and may be associated with age related cognitive declines, particularly in females (Han et al., [@B21]). Lassek and Gaulin ([@B32]) propose that the reason low WHR is a proximate marker of attractiveness is because greater stores of gluteofemoral fat provide potential cognitive benefits to their offspring.

It is less clear how WHR relates to other domain specific aspects of cognition. We reasoned that WHR may be related to aspects of cognition that are known to be sexually dimorphic, including elements of social intelligence such as theory of mind (ToM) and empathy. Mental state attribution, or ToM, is the ability to infer the mental states of other people in terms of what they may know, want, or intend to do (Baron-Cohen, [@B1]). Empathizing makes use of these attributions to identify the emotional states of others and to respond to these states with the appropriate emotion. On tasks that measure empathizing and mental state attribution, females have an advantage, particularly when it comes to empathizing (Baron-Cohen, [@B2]). Puberty, when the sexual dimorphisms in WHR become noticeable, may represent an important period for the development of mental state attribution. During and after the onset of puberty, there might have been selective pressures on females to accurately infer and gage the intentions and emotional states of potential mates.

The most widely used social cognition test to measure individual differences in mental state attribution is the "reading of the mind in the eyes test" (RME), Baron-Cohen et al. ([@B3]). Scores on this test are based on a person's accuracy in attributing a mental state to other's using information based solely on their eyes. Females score slightly higher on this task than males, and noticeably higher than both males and females on the autism spectrum, who are often characterized by ToM or mental state attribution impairments (Baron-Cohen et al., [@B3]). Intranasal administration of oxytocin, a hormone known for its role in human social cognition including aspects of social memory, perception, emotion recognition, affect sharing, social awareness, and face processing (Bartz et al., [@B4]), improves scores on the RME in adult males and adolescent males diagnosed with an autism spectrum condition. These studies suggest that oxytocin may enhance performance on social cognitive tasks (Domes et al., [@B14]; Guastella, [@B19]). In contrast, testosterone levels negatively affect mental state attribution. van Honk et al. ([@B45]) showed that women given a single oral dose of testosterone had lower scores on the RME. The negative effects of testosterone had the greatest influence on women whose digit ratio indicated greater early prenatal androgen exposure. Thus, they concluded that early exposure to testosterone may exhibit a priming effect whereby greater exposure early in life, increases a person's sensitivity to testosterone later in life. Females score significantly higher on measures of empathizing, and from 1 year of age females respond with more concern to the distress of other people through more sad looks, vocalizations, and comforting behaviors (Hoffman, [@B24]). In the present study we investigated mental state attribution and a bias toward empathizing as a function of variation in WHRs in a sample of female college students to test the hypothesis that low WHR might be associated with enhanced aspects of social cognition.

Materials and Methods
=====================

Subjects
--------

A sample of 44 female undergraduates were recruited from psychology courses at the State University of New York at Albany. Participant age ranged between 18 and 22 years (Mean age = 19.1 SD = 1.08) and all were fluent in English. The methods used in this study were approved by the campus Institutional Review Board and conformed to guidelines for the ethical treatment of human subjects. The participants were not aware of the purpose of the study. They gave informed consent and received course credit for their participation.

Anthropometrics
---------------

Waist-to-hip ratios were obtained using the method employed by Hughes et al. ([@B27]). Waist and hip circumference was measured to the nearest 0.5 cm using anthropometric fiberglass body measuring tape by one of two female investigators who did not know the participants' responses to other study questions. Waist circumference was defined as the smallest girth between the rib cage and the iliac crest. Hip circumference was defined as the largest girth between the waist and thigh. The inter-rater reliability among both females who measured WHRs was high, *r* = 0.998.

Measures of mental state attribution, empathizing, and systemizing
------------------------------------------------------------------

The RME was used to assess mental state attribution. The RME consists of 36 partial face photographs, showing only the eye region of different actors with different facial expressions. Participants choose which mental state (out of four possible options) that best describes what the person in the photograph is feeling or thinking. The photographs were presented on a computer screen, and participants were provided with a vocabulary key in order to look up the description of the mental states on the test, if needed. Normative data on the RME suggests a slight, but non-significant female advantage on the task (Baron-Cohen et al., [@B3]).

Empathizing quotient
--------------------

The empathizing quotient (EQ) is a forced choice, self-report questionnaire used to assess different dimensions of empathetic responsiveness (Wheelwright et al., [@B51]). Structurally, it is comprised of 60 items with 40 items assessing empathy and 20 filler items. Responses are given on a four-point scale depending on how strongly participants agree or disagree with statements related to empathy, and scoring direction is counterbalanced. Females typically score higher than males on this instrument and it can be used to identify individuals with Asperger's syndrome. Scores on the EQ range from 0 to 80. The instrument has high internal consistency with a Cronbach's alpha of 0.852, and is considered a valid measure of empathy (Muncer and Ling, [@B34]). Empathizing appears to be mostly, but not completely, independent of systemizing (Wheelwright et al., [@B51]).

Systemizing quotient
--------------------

Systemizing is the drive to identify the if-then correlational rules governing natural, physical, and social systems. Males tend to outperform females on measures of systemizing. The systemizing quotient-revised (SQR) is a 75-item forced choice, self-report questionnaire that measures systemizing ability (Wheelwright et al., [@B51]). Participants select a response ranging from "strongly agree" to "strongly disagree" with statements concerned with the mechanical, abstract, domestic, and social aspects of systemizing. On average, males score higher than females on the SQR (Wheelwright et al., [@B51]).

Results
=======

Data from each participant were entered into a spreadsheet and analyzed using SPSS/PAWS version 18.0. An exploratory analysis revealed that the distribution for scores were normal for every variable. Descriptive statistics for each measure are presented in Table [1](#T1){ref-type="table"}. Scores on the RME reflect the number of accurate responses (out of 36 possible). Since the EQ and SQR have different numbers of questions, EQ and SQR scores are presented as percentages. A composite variable identified as "*Empathizing Bias*" was created for each participant by computing the *z*-scores for the EQ and SQR, and then subtracting the participants' SQR *z*-score from the EQ *z*-score (*z*-EQ − *z*-SQR = empathizing bias). A positive empathizing bias reflects the tendency to utilize a cognitive style that favors empathizing over systemizing and this has been supported by other studies (Brosnan et al., [@B6]). An outlier who scored more than 4 SD away from the mean (*X* = −0.0413, SD = 1.1) on this variable was removed from subsequent analyses.

###### 

**Descriptive statistics for study variables**.

                                 Mean         SD     Range
  ------------------------------ ------------ ------ ---------------
  Waist-to-hip ratio             0.72         0.06   0.62--0.93
  Reading the mind in the eyes   26.4         4.1    19--34
  Empathy quotient               47.2 (59%)   10.1   28--69
  Systemizing quotient           56.9 (38%)   15.6   31--90
  Empathizing bias               0.56         0.87   −1.45 to 2.11

Descriptive statistics are provided in Table [1](#T1){ref-type="table"}. A Pearson product moment correlation between WHR and performance on the RME task was significant (*r* = −0.449 *p* \< 0.001). WHR also explained a significant proportion of variance in scores on the RME, *R*^2^ = 0.201, *F*(1, 42) = 10.59, *p* \< 0.01. In addition, we found a significant correlation between WHR and empathizing bias (*r* = −0.296, *p* \< 0.05). Correlations between WHR and systemizing were not significant.

Discussion
==========

Our data show that more feminine body types were associated with dimensions of the female brain including a superior ability to read emotions in faces. As shown in Figure [1](#F1){ref-type="fig"}, variation in WHRs among the women in this sample accounted for over 20% of the observed differences in performance on the RME. In addition, we found that lower waist-to-hips ratios were also associated with empathizing bias. This provides convergent evidence that females with more accentuated hour-glass figures are advantaged on tasks related to mental state attribution, and the presence of a cognitive style that favors empathizing over systemizing indicates that the relationship between WHR and performance on the Eyes in the Mind task was not spurious.

![**Mental state attribution as a function of waist-to-hip ratios**.](fnevo-04-00001-g001){#F1}

Gluteofemoral fat may contribute to this advantage. The most notable sex differences in the accumulation of body fat are observed in the abdominal and gluteofemoral regions. The sexually dimorphic distribution of body fat is influenced by sex hormones, which explains why the differences in body configuration do not appear until puberty (Singh, [@B41]). Estrogen inhibits fat deposits in the abdominal region and stimulates deposits in the gluteofemoral region of the body. Therefore, estrogen is a critical factor differentiating women with high WHR from women with low WHR. Conversely, testosterone promotes deposits in the abdominal region and inhibits fat deposits in the gluteofemoral region. In general, women have lower WHR's than men; however, after menopause, a woman's WHR increases. This is because, as women age, the ratio of androgens to estrogens increases (Kirschner and Samojlik, [@B30]). Because the distribution of body fat is influenced by sex hormones, this has important implications for sex differences in cognition. Schattman and Sherwin ([@B40]) studied females with polycystic ovary syndrome, a condition leading to higher levels of testosterone levels, and found that women with polycystic ovary syndrome performed worse on verbal fluency and verbal memory tasks, suggesting that testosterone may interfere with cognitive tasks where females generally show an advantage.

Among girls of the same body weight, those with lower WHR's experience earlier pubertal endocrine activity. When body weight, height, pubic hair growth, age, and pelvic breadth are controlled for, girls with the lowest WHR's have the highest levels of estrogen and gonadotrophins, luteinizing hormone, and follicle stimulating hormone (deRidder et al., [@B12]). Lassek and Gaulin ([@B32]) provide evidence that females with low WHR and their offspring show improved performance on general cognitive tests. Other studies have also shown that high WHR's among the elderly are correlated with poor cognitive performance and brain changes (Jagust et al., [@B28]; Waldstein and Katzel, [@B48]).

Waist-to-hip ratio is a measure of both pelvic skeletal morphology and soft tissue features. The soft tissue differences are largely a consequence of underlying differences in fat stores. Low WHR's imply that there is more fat in the gluteal region (characteristic of females), while high WHR's are associated with more fat in visceral and abdominal regions (characteristic of males). Female's tendency to carry greater fat stores than males may function to offset the energetic costs associated with pregnancy and lactation (Dufour and Slather, [@B15]).

It is interesting to note that gluteal adipose tissue is a major source of long-chain polyunsaturated fatty acids (LCPUFAs), such as omega-3 DHA. LCPUFAs make up roughly 20% of the dry matter of neurons (Hachey et al., [@B20]; Demmelmair et al., [@B9]; Del Prado et al., [@B8]; Fidler et al., [@B16]), and increases in maternal DHA intake appear to have beneficial effects on offspring IQ scores (Cohen et al., [@B7]; Hibbeln et al., [@B23]).

Low WHR females have larger stores of LCPUFAs than high WHR females because gluteofemoral fat stores are higher in LCPUFAs than abdominal and visceral fat (Pittet et al., [@B36]; Schafer and Overvad, [@B39]; Phinney et al., [@B35]). Low WHR gluteofemoral fat is also associated with high levels of DHA (Desci et al., [@B11]; Garaulet et al., [@B18]), while high WHR's decrease DHA concentrations (Hollmann et al., [@B25]; Decsi et al., [@B10]).

Previous research has documented the adaptive significance of WHR in terms of its relationship to fertility, health, and general cognition. Our data suggest that WHR may have important and more domain specific implications for social intelligence. In contrast to what Lassek and Gaulin ([@B32]) found for general cognitive tests where WHR accounted for 7% of the variance in performance, our data show that WHR accounts for almost three times more variance in performance on a more specific test of mental state attribution. Females with low WHR's who excel at making mental state attributions may benefit in several ways. First, mental state attribution may be an important component to mate selection. Most studies of WHR and attractiveness find that men prefer women with lower WHR's (Singh et al., [@B42]). Even congenitally blind men display a preference for low WHR (Karremans et al., [@B29]). In addition, women with low WHR's have more attractive voices, lose their virginity sooner, have more sex partners, and are more prone to engage in extra-pair copulations (Hughes et al., [@B27]).

Females with low WHR's who excel at mental state attribution may be able to better distinguish between males who feign good intentions for purposes of gaining sexual favors (e.g., "I love you, so let's go to bed") and those with honest intentions to enter into a long-term committed relationship. Because low WHR females might be pursued more actively by males using both kinds of strategies, there may have been selective pressure to accurately gage the intentions of prospective mates as a means of reducing the likelihood of falling victim to dishonest courtship strategies. In line with this idea, our data show that WHR is inversely related to mental state attribution in females, suggesting that lower WHR females who are more likely to be targeted for dishonest courtship are better at distinguishing between genuine and disingenuous claims of commitment.

Finally, it is important to note that mental state attribution and empathy also have implications for effective child rearing. Our results suggest that women with low WHR's may also be better at responding to signs of distress on the part of their children and adopting more timely and effective intervention strategies.

Waist-to-hip ratio may also have important implications for age related declines in cognition. Females WHR declines with age (Tichet et al., [@B44]). Each episode of pregnancy and lactation draws from the mother's gluteofemoral fat stores, and in theory, this leaves less cognitive maternal resources to protect against age related declines in mental function. Based on what is known about WHR and cognition, we would predict that as the number of offspring increase there ought to be a concomitant decline in cognition. Indeed, number of offspring is related to the likelihood of developing dementia among women later in life (Ptok et al., [@B38]; Beeri et al., [@B5]). Of particular interest is the fact that Alzheimer's disease is associated not only with declines in general cognition but also with specific deficits in ToM (Zaitchik et al., [@B53]).

It is important to acknowledge that our study has several limitations. First, we relied on scores from the Reading the Mind in the Eyes test as a measure of mental state attribution. Although, this measure is a widely used and reliable instrument it may not completely capture the entire range of social cognitive processes involved in making mental state attributions. The images used in this test are static, whereas social interactions in the real world are usually dynamic. The RME relies on accuracy data (the number of correct responses) but it is not sensitive to the different types of errors that can be made. For instance, there can be errors of absence (i.e., failing to detect an emotional state when it is present) or errors of excess (falsely inferring an emotional state when it is absent). Previous research has shown that at least some types of mental state misattributions are themselves, a sexual dimorphic feature of social cognition; for example, males are more likely to infer sexual interest from females that are not genetically related to them (Haselton and Buss, [@B22]). Future research could examine how WHR relates to social cognition using more sensitive measures of mental state attribution.

Conflict of Interest Statement
==============================

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

[^1]: Edited by: Melanie L. Shoup-Knox, University at Albany, USA

[^2]: Reviewed by: Melanie L. Shoup-Knox, University at Albany, USA; Will Lassek, University of Pittsburgh Graduate School of Public Health, USA
